Abstract -Aims: The aim of this study was to probe the relationship between the subjective effects of alcohol and impulsive behavior in social drinkers. Methods: Fifty social drinkers performed a response-inhibition task before consuming alcohol. A 0.8-g/kg dose of alcohol was administered in a binge-like fashion (0.2 g/kg every 30 min) to the participants over a 2-h time period. Participants then completed questionnaires measuring stimulation, sedation and mood following consumption of alcohol. Linear regression analyses were performed by examining the relationship between performance on the response inhibition impulsivity task and subjective responses to alcohol (i.e. stimulation, sedation and arousal). Results: There was a significant positive relationship found between impulsive responding and self-reported sedation following alcohol consumption. Additionally, there was a significant negative relationship between behavioral impulsivity and self-reported stimulation and arousal following alcohol consumption. Conclusion: These results suggest that higher levels of impulsivity are associated with experiencing greater sedating than stimulating effects of alcohol. Individuals with high levels of impulsivity may be less sensitive to the stimulating effects of a specified dose of alcohol, which could lead to these individuals consuming more alcohol to experience the stimulating effects of alcohol.
INTRODUCTION
As alcohol abuse continues to cause economic, social and health problems for our society, identifying risk factors for alcohol problems becomes increasingly important. One such risk factor is differential sensitivity to the stimulating and sedating effects of alcohol. Previous studies have shown that subjective measurements of stimulation and sedation following alcohol consumption may predict risk of developing alcohol problems (Holdstock et al., 2000; Schuckit, 1994) . Additionally, numerous studies have examined subjective responses to alcohol in populations that are genetically at risk for developing alcohol problems i.e. family history positive (FHP). These studies have found that FHP individuals report greater stimulation following alcohol consumption when compared with family history negative individuals (Erblich and Earleywine, 2003; King et al., 1997; Morzorati et al., 2002; Ramchandani et al., 1999) . More specifically, individuals at risk for alcoholism experience greater stimulation-like effects during the ascending limb of the breath alcohol curve and attenuated sedative-like effects on the descending limb compared with those not at risk (Newlin and Thomson, 1990) . In studies comparing heavy versus light drinkers, heavy drinkers experienced greater stimulantlike subjective effects and less sedative-like effects (Holdstock et al., 2000; King et al., 2002) . The positive reinforcing effects of alcohol have been attributed to the stimulating effects (Earleywine, 1994; Peterson et al., 1996) , so increased sensitivity to the stimulating effects may place an individual at greater risk for developing alcohol problems.
Another factor associated with increased risk for alcoholrelated problems is impulsivity (Brook et al., 1995; Poikolainen, 2000; Simons et al., 2004; Verdejo-Garcia et al., 2007) . Not only does acute alcohol administration increase impulsive behavior (Dougherty et al., 2008; Fillmore and Vogel-Sprott, 1999; Marczinski et al., 2005; Mulvihill et al., 1997; Ortner et al., 2003; Reynolds et al., 2006; Richards et al., 1999) , but alcohol abusers report higher levels of trait impulsivity (Bjork et al., 2004; Mitchell et al., 2005; Whiteside and Lynam, 2003) . Impulsivity is a multifaceted construct and many behaviors have been proposed to fall under the umbrella term impulsivity. Of the multiple components that have been proposed to underlie impulsivity, behavioral inhibition difficulty serves as a general vulnerability factor to substance-abuse problems (Verdejo-Garcia et al., 2008) . Behavioral inhibition refers to the ability to inhibit a prepotent response, which becomes necessary when the prepotent response is inappropriate. Response-inhibition tasks are commonly used to assess deficits in behavioral inhibition, and alcohol-dependent individuals exhibit impaired performance on these tasks when compared with controls (Bjork et al., 2004; Kamarajan et al., 2005; Lawrence et al., 2009; Noel et al., 2007) . Additionally, individuals who perform more impulsively on a responseinhibition task consume more alcohol during an ad lib procedure (Weafer and Fillmore, 2008) , further strengthening the link between the behavioral inhibition component of impulsive behavior and alcohol-related problems.
While previous research has supported both subjective response to alcohol and impulsive behaviors as potential risk factors for alcohol misuse, the causal relationship between these two domains is not well understood. As part of a post hoc analysis within a population of social drinkers, a positive relationship between trait impulsivity and an increased desire to drink more alcohol following an alcohol prime was found (Rose and Grunsell, 2008) . While many factors could contribute to this relationship, individuals with higher impulsivity in particular may be more sensitive to the stimulating/ positive effects of the alcohol prime. This sensitivity, in turn, may then contribute to an increased desire to drink. A study conducted in college students found that lower levels of behavioral control (e.g. sensation seeking) was significantly correlated with ascending limb stimulation following a 0.85-g/kg alcohol dose (Erblich and Earleywine, 2003) . While this study did not look directly at impulsivity and subjective response to alcohol, sensation seeking is a personality trait that is proposed to contribute to impulsivity (Verdejo-Garcia et al., 2010) . To the best of our knowledge, there has not been a study that a priori aimed to examine the relationship between the behavioral inhibition component of impulsive behavior and sensitivity to the subjective effects of alcohol. If individuals who engage in impulsive behavior and individuals sensitive to the stimulating effects of alcohol are at higher risk for developing alcohol problems, one might expect impulsive individuals to endorse more stimulation and positive mood following alcohol administration.
The aim of this study was to test the directional relationship between impulsive behavior and subjective responses to alcohol in a population of social drinkers. An alcohol dose of 0.8 g/kg was administered in a binge-like manner according to the NIAAA definition of a binge (i.e. four 0.2-g/kg drinks over a 2-h time period; NIAAA, 2004). Impulsive behavior was measured using a response-inhibition task (GoStop Impulsivity paradigm; Dougherty et al., 2009 ) that has been shown to be sensitive to the acute effects of alcohol administration in social drinkers (Dougherty et al., 2008) . Within this task, there are four stop delays (50, 150, 250 and 350 ms) used to discriminate impulsive responding, with the 150-ms stop delay providing the best discrimination between highand low-impulsive individuals (Marsh et al., 2002) . Subjective responses to a 0.8-g/kg alcohol dose were assessed using the Biphasic Alcohol Effects Scale (BAES; Martin et al., 1993) and the profile of mood states (POMS; McNair et al., 1971) . The study tested the hypothesis that individuals who exhibited higher levels of impulsive behavior (less behavioral inhibition) would report greater positive mood effects and more stimulant-like effects following alcohol consumption compared with low-impulsive individuals.
MATERIALS AND METHODS

Participants
Fifty healthy men (n = 34) and women (n = 16) were recruited from the community via television advertisements for a research study examining the behavioral effects of alcohol. A brief interview was first conducted over the telephone to assess medical history, illicit drug use and current drinking habits. Potential participants were invited to the laboratory for a screening visit. During the screening visit, a research assistant administered the modified Structured Clinical Interview for DSM-IV Disorders (First et al., 2002) , the Wechsler Abbreviated Scale for Intelligence (Wechsler, 1999) and the Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 2001 ); Additionally, a urine sample was collected to test for the presence of illicit drugs (Multi-drug 6 line urine screen; Innovacon, Inc., San Diego, CA, USA) and, in females for pregnancy (QuickVue; Quidel, San Diego, CA, USA).
Participants were included in the study if they had an AUDIT score ≤12, did not meet criteria for any Axis-I disorder within the last 6 months, had no psychoactive medication use within the last 6 months, a body mass index of less than 30 and reported at least one binge episode in the past 3 months. An AUDIT cutoff of ≤12 was chosen to exclude problematic or dependent drinkers (Conigrave et al., 1995) . A binge episode was classified as four drinks (females) or five drinks (males) consumed within a 2-h period (NIAAA, 2004) . This criterion ensured that all participants had current experience with the dose and timing of alcohol administration utilized in this study.
Participants provided written consent prior to entering the study and all procedures were approved by the Institutional Review Board of Wake Forest University School of Medicine.
Study design
Participants who met study inclusion criteria reported to the laboratory for a second visit during which alcohol was administered. Upon arrival, a urine sample was collected and tested for the presence of illicit drugs and, in females, for pregnancy. Additionally, an expired air sample was collected and tested for the presence of alcohol (Intoxilyzer SD-5; CMI Inc., Owensboro, KY, USA). Participants first completed the Barratt Impulsiveness Scale (BIS-11; Patton et al., 1995) and performed the GoStop Impulsivity paradigm (Dougherty et al., 2009) . Alcohol administration commenced immediately following completion of the GoStop task (Fig. 1) . Following completion of the alcohol administration procedure, the participants were administered the BAES ( Martin et al., 1993) and POMS (McNair et al., 1971) to assess subjective feelings related to the pharmacological effects of alcohol ( Fig. 1 ).
Alcohol administration
Alcohol was administered in a manner to simulate an alcohol binge according to the guidelines set forth by NIAAA (2004) . A total dose of 0.8 g/kg of 95% alcohol was administered to participants across a 2-h period. This dose was reduced by 8% for females to equate breath alcohol across gender (Hindmarch et al., 1991) . The 0.8 g/kg was divided into four 8-oz cups with tonic water added to reach a total volume of 32 oz. Beverages were administered every 30 min to the participants. Consumption of the beverages was paced so that the participants had 10 min to consume the drink followed by a 20-min absorption period before consumption of the next drink (total time: 2 h). Breath alcohol concentrations (BrAC) were recorded every 20 min following the 2-h alcohol consumption period and at the completion of study Fig. 1 . Timeline of drink administration in relation to the measurements of impulsivity and subjective effects. Also shown is the mean (± SEM) BrAC curve following 0.8-g/kg 95% alcohol administered in a binge-like fashion (four drinks over 2 h). Arrows indicate times the GoStop Impulsivity Paradigm, the POMS and the BAES were completed by the participants.
Black squares indicate times of alcohol drink administration.
participation, all participants were transported from the laboratory by a designated driver.
Measures
Impulsivity measurements
The BIS-11 (Patton et al., 1995) was administered to assess trait impulsivity. The BIS-11 has been used extensively to measure impulsive tendencies in both healthy and clinical populations. The BIS-11 is a 30-item self-report questionnaire assessing general impulsiveness. Items can be answered with one of four responses: 1, rarely/never; 2, occasionally; 3, often; and 4, almost always/always. A total score was obtained for responses on the BIS-11 30 items. The GoStop Impulsivity paradigm (Dougherty et al., 2009 ) is a computer administered task that quantifies response inhibition as a behavioral measure of state impulsivity. Five-digit numbers in black are rapidly presented against a white computer screen for 500 ms, followed by a 1500-ms interstimulus interval. Participants are instructed to respond by pressing the left mouse button every time the number on the screen is identical to the previously presented number (go trials). Along with go trials, stop trials are also presented. A stop trial occurs when the five-digit number on the screen changes in color from black to red following a specified time delay (stop delay). The stop delays are 50, 150, 250 and 350 ms. A stop delay of 50 ms indicates that the five-digit number will appear in black for 50 ms, and then change to red for the remainder of the 500-ms presentation. Participants were instructed to withhold responding to any number that turns red while appearing on the screen (stop trials). The primary dependent variable was the 150-ms GoStop ratio. The 150-ms GoStop ratio was the number of incorrect responses to the 150-ms stop trials divided by correct responses to go trials. Greater impulsive behavior (defined as response inhibition failures) on this task is indicated by greater GoStop ratios. The 150-ms ratio has been shown to provide the best discrimination between high-and low-impulsive individuals (Marsh et al., 2002) and has shown sensitivity to the impairing effects of alcohol (Dougherty et al., 2008) .
Subjective measurement of stimulation/sedation To assess self-reported stimulation/sedation following alcohol administration, the BAES was used. The BAES is a visual analog scale composed of 14 descriptors of subjective feelings. Half of the descriptors are related to stimulant-like effects (talkative, up, elated, stimulated, vigorous, excited and energized) , and the other seven are related to sedative-like effects (heavy head, sedated, slow thoughts, down, inactive, sluggish and difficulty concentrating). Each descriptor is rated by placing a mark along a 100-mm line anchored at the ends with the statements 'not at all' or 'extremely'. Total stimulation and sedation scores were calculated by summing together all respective descriptor ratings. Additionally, to determine within individuals the relative amount of self-reported stimulation and sedation, a stimulation/sedation ratio was calculated.
Subjective measurement of mood To assess self-reported mood states following alcohol administration, the POMS was used. The POMS is a 65-item questionnaire in which participants rate a series of mood states on a five-point Likert scale that ranges from 'Not at all' to 'Extremely'. Six mood factors are identified including tension/anxiety, depression/dejection, anger/hostility, vigor, fatigue and confusion/bewilderment. A higher-order factor of arousal [(anxiety + vigor)-(fatigue + confusion); de Wit et al., 1999)] was determined from the POMS and used in the current study.
Data analyses
A forward stepwise regression was conducted with BAES stimulated/sedated ratio as the dependent variable. Ratios at each of the four delay intervals (50, 150, 250 and 350 ms) were independent variables. The goal of this analysis was to test whether the 150-ms interval ratio was the best predictor of BAES stimulated/sedated ratio. A series of regression analyses were then performed to (i) examine the relationship between impulsivity (150-ms interval ratio) and subjective intoxication effects (BAES stimulation and sedation) and (ii) examine the relationship between impulsivity (150-ms interval ratio) and subjective intoxication mood effects (POMS arousal). Preliminary analyses (independent samples t-test) were conducted to determine whether there were significant sex differences between ratings of BAES stimulation and sedation and POMS arousal following alcohol consumption. Initial analyses indicated that there were not significant sex differences in these measures and data were collapsed across sex for all subsequent analyses. Data analyses were conducted using the SigmaPlot version 11 software program (Systat Software Inc., San Jose, CA, USA). Statistical significance was defined as P < 0.05.
RESULTS
Group demographics
A total of 50 participants (34 males and 16 females) were included in this study. The mean age (± SD) of the sample was 26 ± 6 years of age and the mean IQ (± SD) was 112 ± 12. This population consumed on average (± SD) 13 ± 9 alcoholic drinks per week and had a mean (± SD) AUDIT score of 8 ± 3. The mean total BIS score (± SD) was 58 ± 9 for this group.
Breath alcohol concentrations
The drink administration procedure used in the study produced a peak breath alcohol of 0.08% (SD = 0.02%), which was achieved~20 min following completion of the alcohol administration procedure. This breath alcohol value is consistent with the NIAAA definition of a binge (2004), specifically 4-5 drinks in 2 h to produce a breath alcohol of 0.08%.
Impulsivity and subjective effects of alcohol Multiple R was statistically significant for BAES stimulated/ sedated ratio (F 1,48 = 9.12, P = 0.004, R 2 = 0.16). As predicted, the 150-ms ratio was the only ratio of the four that contributed significantly to the BAES stimulation/sedation ratio (β = −0.40). In subsequent linear regression analyses, the 150 ms ratio was positively associated with BAES sedation (r 2 = 0.12, b = 16.1, t(49) = 2.59, P = 0.13) and negatively associated with BAES stimulation (r 2 = 0.08, b = −16.0, t(49) = −2.05, P = 0.046) and POMS arousal (r 2 =0.09, b = −14.2, t(49) = −2.19, P = 0.033) scores (Fig. 2) .
Secondary analysis
As part of a secondary analysis exploring the relationship between a measure of trait impulsivity and subjective response to alcohol consumption, linear regressions were conducted between BIS-11 total score and BAES sedation and stimulation along with POMS arousal. There was not a significant relationship between the BIS total score and any of the subjective intoxication measures. Additionally, as there was a range of alcohol consumption within our sample (range: 2-39 drinks/week), we examined whether the level of alcohol consumption influenced our results. Linear regressions were conducted between drinks per week with subjective intoxication effects of alcohol (stimulation, sedation and arousal). Drinks per week was not a significant predictor of subjective response to alcohol in this population.
DISCUSSION
The data collected in this study, contrary to our hypothesis, suggested a negative relationship between impulsivity and stimulation following alcohol, such that individuals who performed more impulsively on a response-inhibition task reported the least stimulation following alcohol consumption. Additionally, there was a negative relationship between impulsive behavior and arousal following alcohol consumption, with individuals who performed more impulsively also reporting less arousal following alcohol consumption. These data suggest that individuals with lower levels of state impulsivity actually endorse more reinforcing effects (i.e. arousal and stimulation) following alcohol consumption compared with higher impulsive individuals, contrary to what was hypothesized.
Previous research has suggested that aggressive impulsive individuals are under aroused at rest, but-in response to photic stimulation-show increased arousal (as measured by evoked electrical potentials) compared with non-aggressive controls (Houston and Stanford, 2001 ). Although our results fail to show greater arousal in impulsive individuals following alcohol administration, methodological differences between studies (objective physiological measure versus subjective measures) and the possible interaction between impulsivity and aggression in the previous study may have led to divergent findings. The results of this study do suggest that individuals with high levels of impulsive behavior may be less sensitive to the stimulating effects of alcohol, and need more alcohol to experience the same level of stimulation as their less impulsive counterparts. To our knowledge, there has not been a study that has directly tested and confirmed this hypothesis in human populations. However, animal studies have suggested that more impulsive animals are less sensitive to motor stimulation following alcohol administration (Mitchell et al., 2006) . Additionally, similar results have been found in human studies, although with amphetamine rather than alcohol. In these studies, individuals with higher lapses of attention (a proposed dimension of impulsivity; de Wit, 2009) reported less liking and desire for more of the drug following amphetamine administration (McCloskey et al., 2010) . Those who perform more impulsively on a response-inhibition task following acute alcohol administration consumed more alcohol in an ad lib consumption procedure (Weafer and Fillmore, 2008) , perhaps to experience the positive stimulating effects of alcohol. A positive correlation exists between impulsivity and consumption of alcohol (Grau, 1999) . Impulsive individuals may need to consume more alcohol per drinking occasion to achieve the stimulating effects of alcohol. Future studies are needed that assess the relationship of impulsivity and subjective response to alcohol using a full dose range of alcohol.
The time points at which the subjective effects of stimulation and sedation following alcohol consumption were measured differed between this study and previous studies. Previous studies measured stimulation and sedation at multiple time points within the range of 10-60 (Thomas et al., 2003) , 15-165 (King et al., 2002) and 30-180 min (Holdstock et al., 2000) following the first sip of alcohol. This study measured stimulation and sedation (BAES) at only one time point, which was 50 min following completion of alcohol consumption ( Fig. 1 ; corresponding to 170 min following first sip of alcohol). At this time point, the mean breath alcohol (± SEM) for the group was~0.08% ± 0.01. A differentiator model suggests that individuals who are at risk for alcohol problems experience the greatest stimulation during the ascending limb of the breath alcohol curve and fewer sedative-like effects during the descending limb (Newlin and Thomson, 1990) , suggesting that the subjective effects of stimulation and sedation can vary according to the time points on the breath alcohol curve in which these measurements are captured. Although stimulation and sedation were measured following the peak of the breath alcohol curve, measures of mood (POMS) were collected closer to the peak of the breath alcohol curve (20 min following alcohol administration; Fig. 1 ) and revealed a negative association with impulsivity and arousal. Perhaps, if subjective ratings of stimulation and sedation following alcohol consumption were collected at additional time points along the breath alcohol curve, a different directional relationship between impulsivity and subjective effects of alcohol would have emerged.
It is of interest that state impulsivity, but not trait impulsivity, predicted sensitivity to the stimulating effects of alcohol. The differentiation between the predictive values of trait versus state impulsivity in this context may be due to either less self-reporting of impulsive behaviors or the selection of non-problematic alcohol drinkers. Perhaps higher levels of trait impulsivity would have been found if the sample included individuals with a more extensive drinking history or levels of alcohol use disorders. Previous studies have shown that high levels of trait impulsivity are found in those populations who suffer from alcohol dependence (Bjork et al., 2004; Mitchell et al., 2005) . Future studies to determine the role of trait impulsivity and sensitivity to the subjective effects of alcohol need to be conducted, perhaps in populations who suffer from alcohol-use disorders, to understand the interactions between these risk factors further.
Previous studies that have found increased sensitivity to the stimulating effects of alcohol have observed this phenomenon in heavy drinkers, alcoholics or individuals with a family history of alcohol problems (Holdstock et al., 2000; King et al., 2002; Schuckit, 1994; Thomas et al., 2003) . Two studies in which heavy drinkers reported greater stimulation following alcohol consumption had individuals who averaged roughly 12-24 drinks per week and engaged in approximately 45 binge drinking episodes across a 6-month period (Holdstock et al., 2000; King et al., 2002) . Participants in this study drank on average 12 drinks per week and engaged in approximately four binge drinking episodes across a 3-month time span. As part of inclusion criteria for this study, an AUDIT cutoff of 12 was imposed. This cutoff was chosen as it has previously been shown as adequate for excluding individuals who may be dependent upon alcohol (Conigrave et al., 1995) . By employing this AUDIT cutoff, we may have excluded individuals with the highest risk for developing alcohol dependence. If individuals at higher risk for alcohol dependence were included in the sample, the hypothesized increased sensitivity to the stimulating effects of alcohol in higher impulsive individuals may have been observed. It should be noted though that we did not find any significant relationships between level of alcohol consumption (drinks per week) and subjective responses to alcohol (sedation, stimulation and arousal) in this sample.
Another important consideration when comparing the results from this study to the aforementioned studies is the pacing of alcohol administration. The present study administered a 0.8 g/kg dose of alcohol in a binge-like fashion, in which participants consumed four alcoholic drinks over a period of 2 h, which corresponded to BrAC of 0.08%. The aforementioned studies administered doses of alcohol that ranged from 0.4 to 0.8 g/kg consumed within 10-25 min (Holdstock et al., 2000; King et al., 2002; Thomas et al., 2003) . While administering alcohol in a binge-like manner (according to the NIAAA definition of a binge drinking episode) resulted in breath alcohol curves similar to bolus administration of alcohol, consuming alcohol over a longer time period (2 h versus 10-25 min) may affect the subjective effects of alcohol. There is evidence to suggest that the pacing of drink administration influences the subjective effects of alcohol, such that stimulant effects increase with speed of consumption (Morean and Corbin, 2010) . The BAES measurements were recorded when BrAC were between 0.07 and 0.08%, though the slower absorption and slower onset of the pharmacological effects may have led to differences in reports of stimulation and sedation compared with studies that employed a bolus dosing procedure. The differences in subjective effects when alcohol is administered in a bolus dose versus multiple doses over a longer time period has not been well characterized and represents a question that warrants additional research. In summary, results from this study suggest that with respect to impulsivity, a significant positive relationship with selfreported sedation and a significant negative relationship with self-reported stimulation and arousal following alcohol consumption exists. These findings may suggest that individuals with high levels of impulsive behavior are less sensitive to the stimulation effects of the dose of alcohol (0.8 g/kg) administered in this study. While a decreased sensitivity to the stimulating effects of alcohol may lead impulsive individuals to consume higher doses of alcohol to achieve the desired effect, the data from this study cannot fully support that assumption. Future studies should be aimed at assessing higher doses of alcohol and subjective stimulation at multiple time points along the breath alcohol curve in impulsive individuals. Also, future studies should examine whether the relationship between impulsivity and subjective response to alcohol differs in those individuals with a family history of alcohol problems. As it stands, the results from this study suggest that these impulsivity-based differences in the subjective effects of alcohol may reflect differing motivations for alcohol use. Understanding these motivations may provide insight on how to reduce risky drinking in impulsive populations.
